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PATENTS ACT 1977 
DJL/A1 0894GB 
Title: Compliant Spacer 
Description of Invention 
5 This invention relates to a compliant spacer which in use is located 

between two machine elements which are clamped together to provide an 
assembly, to maintain the clamping load in use, as the first and second machine 
elements of the assembly may relatively move due to mechanical e.g. vibration, 
and thermal effects. 

10 There have been previous proposals for compliant spacers, but existing 

solutions have been found to be inadequate where the amount of compliance 
required is substantial for a large clamping load. Such previous proposals have 
included a sleeve design but this was found to be not sufficiently compliant; a 
conventional spring washer but this required more space than was available 

15 between the machine elements to be clamped together; and a conical washer but 
a conical washer was found not be able to tolerate the high stresses in the 
assembly. 

For example in an assembly of the attachment of a helicopter main rotor 
head to a main gearbox* a clamping force is required between these machine 
20 elements to provide a pre-load on a bearing which permits of relative rotation 
between these elements. In such an application, a spacer which accommodates a 
deflection of 0.1mm over a 15mm spacing between the machine elements, 
under an axial loading of 159KN could not be accommodated by these previous 
proposals. 

25 According to a first aspect of the invention we provide a compliant 

spacer which in use is located between two machine elements which are in use 
clamped together in an assembly, the spacer having a first generally planar face 
and a second oppositely facing generally planar face which is generally parallel 
to the first generally planar face, each of the first and second generally planar 
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faces having a plurality of raised regions, the raised regions of the first face 
being offset with respect to the raised regions of the second face so that as the 
two machine elements are clamped together with the spacer therebetween, the 
spacer deforms out-of-plane to maintain the clamping load in use. 

Depending on the thickness of the spacer, by carefully selecting the 
number of raised regions on each generally planar face, the extent of the raised 
regions, and thus the spacing between the raised regions, a desired flexibility to 
maintain the clamping load in the assembly, can be achieved. Thus a spacer of a 
certain nominal thickness may be "tuned" for a particular application, by 
changing the number of, extent of and spacing between the raised regions on 
each of the first and second generally planar faces. 

Preferably the same number of raised regions are provided on each of 
the first and second planar faces, the raised regions on the first face being 
interposed between the raised regions of the second face, for example, mid- 
way between the raised regions of the second face, so that in use, the spacer 
deforms out-of-plane generally constantly along the spacer. Preferably more 
than two raised regions are provided on each of the first and second planar 
faces, and more preferably more than five. 

The spacer may in one example be generally annular, the first and 
second planar faces facing axially of the spacer. Thus each raised region may 
extend circumferentially around the axis of the spacer. 

In one example, each raised region may extend circumferentially of the 
annular spacer for between 3° and 12° around the annulus, and preferably in 
the order of 6°, although a greater or lesser raised region extent may be 
desirable to allow a maximum predeterinined out-of-plane deflection whilst 
maintaining the clamping load. 

Desirably, the raised regions each include a bearing surface which in use 
may engage a machine element, and edge regions where the raised region joins 
the planar face of the spacer. The bearing surface is preferably generally flat, 
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but may be slightly crowned, but in each case the bearing surface is generally 
parallel to the first and second planar faces, and desirably at the edge regions, 
the raised regions meld smoothly into the planar face without any sharp 
discontinuity which could mark an adjacent machine element when the 
5 clamping force is applied. 

The raised regions on each planar face preferably each extend outwardly 
of the respective planar face by between 2% and 10% of the nominal thickness 
of the spacer between the planar faces, and more preferably about 3%-5% of 
the nominal thickness between the planar faces, although the actual outward 
,10 extent of the raised regidns may be selected for the nominal thickness of the 
spacer and material from which the thickness is made, to achieve a desired 
resistance to out-of-plane deformation as the clamping load is applied. 

Typically the nominal thickness of the spacer may be about 15mm 
although where a greater space between the machine elements is to be filled, 
15 the assembly may include a plurality of spacers in accordance with the first 
aspect of the invention, arranged in a stack. 

According to a second aspect of the invention we provide an assembly of 
first and second machine elements which in use are clamped together with a 
spacer in accordance with the first aspect of the invention, therebetween. 
20 The assembly may in one example only include a first machine element 

which is part of a rotor head of a helicopter rotor system, and the second 
machine element is part of a gearbox of the helicopter, the assembly including a 
bearing which permits of relative rotation between the first and second machine 
elements, the spacer permitting the first and second machine elements to be 
25 clamped together to provide a loading force on the bearing. 

Embodiments of the invention will now be described with reference to 
the accompanying drawings in which:- 



FIGURE 1 is an illustrative cross sectional view of part of an assembly 
of machine elements incorporating a compliant spacer in accordance \vith the 
invention; 

FIGURE 2 is a perspective illustrative view to an enlarged scale of the 
compliant spacer of the assembly of figure 1 . 

Referring to the drawings, an assembly 10 includes a first machine 
element 1 1 which in this example is an output shaft of a gearbox in a helicopter, 
and a second machine element 12 which in this example is apart of a rotor head 
of the helicopter main rotor system. 

Between the first and second machine elements 1 1, 12, there is a bearing 
14 which permits of relative rotation between the first and second machine 
elements. The machine elements 11, 12 are clamped together as a plurality of 
fasteners (not shown) around an axis of rotation A are tightened into receiving 
openings 16. In a space 18 between the machine elements 1 1, 12 is a compliant 
spacer 20 which in this example is annular in configuration, and centred on the 
axis of rotation A. 

As the clamping force is applied between the first and second machine 
elements 11, 12, the loading force is applied to the bearing 14. The compliant 
spacer 20 maintains the clamping force generally constant when movements 
between the first and second machine elements 11, 12 due to vibration, or 
thermal effects, may change the spacing between the machine elements 11,12. 

Referring particularly to figure 2, the spacer includes a first, axially 
facing, generally planar surface 22, and a second, oppositely axially facing, 
generally planar surface 23, the first and second planar surfaces 22, 23 lying 
generally parallel to one another. 

The first planar surface 22 has a first set of raised regions, in this 
example, ten raised regions 25, each of which extends around the 
circumferential extent of the annular spacer 20, for about 6°, but this extent 
may be varied, for example to between 3° and 12° or more or less, depending 



may be varied, for example to between 3° and 12° or more or less, depending 
on the amount of compliance required for a particular application, and other 
manufacturing configurations, as will be discussed below. 

Thus the raised regions 25 of the first set are generally equally spaced 
around the circumferential extent of the annular spacer 20, with there being 
spaces 26 between adjacent pairs of raised regions 25. 

The second planar face 23 has a second set of raised regions 28, which 
are similar in configuration to the raised regions 25 of the first set, and are 
equal in number. The raised regions 28 of the second set are each positioned in 
a space 26 between a pair of the raised regions 25 of the first set, and desirably, 
generally centrally between the pair of raised regions 25 of the first set. 

The raised regions 25, 28 of the first and second sets, in this example, 
are generally identically configured, each having a bearing surface 30, and edge 
regions 31,. 32. The edge regions 31, 32 are smooth so that there is no 
discontinuity as may be provided by a sharp edge, and thus the bearing surfaces 
30 meld into the adjacent planar face 22, 23 . 

Desirably, the top/bottom bearing surfaces 30 of the raised regions 25, 
28 are slightly crowned i.e. the bearing surface 30 edges adjacent the edge 
region, 32 may be machined slightly lower than central areas of the bearing 
surfaces 30, so that when the spacer 20 is loaded, the bearing surface 30 will be 
flat. 

With the spacer 20 in place, as a clamping force is applied between the 
first and second machine elements 11, 12, the spacer will be deformed out-of- 
plane between the alternate raised regions 25, 28 of the first and second sets by 
an amount determined by the clamping force on the one hand, and the 
combination of the resilience of the material from which the spacer 20 is made, 
the number of and spacing of the raised regions 25, 28, and the extent of the 
raised regions 25, 28, out-of-plane. Generally the thinner axially the spacer 20, 
the more deformation will be possible, and the greater the spacing between the. 



raised regions 25, 28 of the first and second sets, the more deformation will be 
possible. 

Also, the less the extent of the raised regions 25, 25 circumferentially of 
the spacer 20, the greater the permitted deformation. 

Thus the spacer 20 may be "tuned" to allow a maximum deformation 
out-of-plane whilst maintaining a predetermined resistance to the clamping 
force applied, so that the spacer 20 can maintain the clamping force constant 
irrespective of small movements between the machine elements 1 1, 12. 

In the example described, the nominal thickness of the spacer 20 
between the first and second planar faces 22, 23 may be about 15mm, and the 
raised regions 25, 28 of each of the first and second sets, may extend outwardly 
of the respective planar face 22, 23 axially of the spacer 20, by about 0.5mm. 
The spacer 20 be made from steel, and with the ten raised regions 25, 28 in 
each of the first and second sets, the spacer 20 may permit of a maximum out- 
of-plane deformation of about 0.1mm, so that movements between the first and 
second machine elements 11, 12 may occur, whilst a generally constant 
clamping force, to maintain the pre-loading on the bearing 14, may be 
maintained. 

Various modifications may be made without departing from the scope of 
the invention. 

For example, as discussed above, the configuration of the spacer 20 may 
be changed to alter the maximum deformation provided for, and the resilience 
of the spacer 20. The spacer may in another assembly 10 not be annular in 
configuration, but may be of another shape having opposed planar faces 22, 23 
with respective raised regions 25, 28. 

The raised regions 25, 28 on the respective planar faces 22, 23 need not 
be identical in number or configuration. 

Where the space 18 to be filled, between the first and second machine 
elements 1 1, 12 is greater than can be accommodated by a single spacer 20, if 



desired more than one^ e.g. a stack of spacers 20 may be provided, which 
together are configured to comply as required as the distance between the two 
machine elements 1 1/12 may change in use. 

The features disclosed in the foregoing description, or the following 
claims, or the accompanying drawings, expressed in their specific forms or in 
terms of a means for performing the disclosed function, or a method or process 
for attaining the disclosed result, as appropriate, may, separately, or in any 
combination of such features, be utilised for realising the invention in diverse 
forms thereof 
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CLAIMS 

1. A compliant spacer which in use is located between two machine 
elements which are in use clamped together in an assembly, the spacer having a 

5 first generally planar face and a second oppositely facing generally planar face 
which is generally parallel to the first generally planar face, each of the first and 
second generally planar faces each having a plurality of raised regions, the 
raised regions of the first face being offset with respect to the raised regions of 
the second face so that as the two machine elements are clamped together with 
10 the spacer therebetween, the spacer deforms out of plane to maintain the 
clamping load in use. 

2. A spacer according to claim 1 wherein the same number of raised 
regions are provided on each of the first and second planar faces, the raised 

15 regions on the first face being interposed between the raised regions of the 
second face. 

3. A spacer according to claim 2 wherein the raised regions of the first 
planar face are mid-way between the raised regions of the second face. 

20 

4. A spacer according to any one of the preceding claims wherein more 
than two raised regions are provided on each of the first and second faces, and 
preferably, more than five. 

25 5. A spacer according to any one of the preceding claims wherein the 
spacer is generally annular, the first and second planar faces facing axially of 
the spacer. 
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6. A spacer according to claim 5 wherein each raised region extends 
circumferentially around the axis of the spacer. 

7. A spacer according to claim 6 wherein each raised region extends 
circumferentially of the annular spacer for between 3° and 12° around the 
annulus, and preferably in the order of 6°. 

8. A spacer according to any one of the preceding claims wherein the 
raised regions each include a bearing surface and edge regions where the raised 
region joins the planar face of the spacer. 

9. A spacer according to claim 8 wherein the bearing surface is generally 
parallel to the first and second planar faces, and at the edge regions, the raised 
regions meld smoothly into the planar face without any sharp discontinuity. 

10. A spacer according to any one of the preceding claims wherein the 
raised regions on each planar face each extend outwardly of the respective 
planar face by between 2% and 5% of the nominal thickness of the spacer 
between the planar faces. 

11. A spacer according to claim 10 wherein the raised regions on each 
planar face each extend outwardly of the respective planar face by about 3% of 
the nominal thickness of the spacer between the planar faces. 

12. A spacer according to any one of the preceding claims wherein the 
nominal thickness of the spacer between the planar faces is about 15mm. 

12. A spacer substantially as hereinbefore described with reference to and/or 
as shown in figure 1 of the accompanying drawings. 
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13. An assembly of first and second machine elements which in use are 
clamped together with a spacer in accordance with any one of the preceding 
claims, therebetween. 

5 

14. An assembly according to claim 13 wherein the first machine element is 
a part of a rotor head of a helicopter rotor system, and the second machine 
element is part of a gearbox of the helicopter, the assembly including a bearing 
which permits of relative rotation between the first and second machine 

10 elements, the spacer permitting the first and second machine elements to be 
clamped together to provide a loading force on the bearing. 

15. An assembly substantially as hereinbefore described with reference to 
and/or as shown in figure 1 of the accompanying drawings. 

15 

16. Any novel feature of novel combination of features described herein 
and/or as shown in the accompanying drawings; 
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ABSTRACT 

Title: Compliant Spacer 

A compliant spacer 20 which in use is located between two machine 
elements 1 1, 12 which are in use clamped together in an assembly 10, has a first 
generally planar face 22 and a second oppositely facing generally planar face 23 
which is generally parallel to the first generally planar face 22, each of the first 
and second generally planar faces 22, 23 each having a plurality of raised 
regions 25, 28, the raised regions 25 of the first face 22 being offset with 
respect to the raised regions 28 of the second face 23 so that as the two machine 
elements 11, 12 are clamped together with the spacer 20 therebetween, the 
spacer 20 deforms out of plane to maintain the clamping load in use. 
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